There are at least two classes of Escherichia coli heat-stable enterotoxins, STa and STb. Unlike STa, which is active in suckling mice and piglets, STb is inactive in suckling mice but active in piglets and older, weaned pigs. This study examined the activity of STb in several animals and its effect on intestinal histology and cyclic GMP levels in intestinal mucosal cells. STb did not cause fluid secretion in suckling mice up to 12 days old or in rat or rabbit intestinal-loop preparations. STb-induced fluid secretion in weaned-pig intestinal loops occurred by 30 min and became maximal by 3 to 6 h. STb did not disrupt intestinal histology and did not alter cyclic GMP levels in intestinal mucosal cells from piglet intestinal loops after 0.5-and 6-h incubations. Our studies support the concept that STb is a second heat-stable E. coli enterotoxin with properties and a mechanism of action unlike those of STa.
The ability of Escherichia coli to cause diarrheal illness was first suggested in the 1800s (11) . In 1956, De and colleagues reported that whole-broth cultures of E. coli caused fluid secretion in rabbit small intestine (4) . In the 1960s, several investigators reported that viable organisms were not required to produce intestinal secretion (26, 32, 37) . Further clarification of E. coli enterotoxic material resulted in the early 1970s with the establishment of at least two types of enterotoxins, a heat-labile enterotoxin (LT) and a heatstable enterotoxin. LT acts much like cholera toxin, with a longer time course and activation of adenylate cyclase (6, 21, 27, 31) . The existence of two different types of E. coli heatstable enterotoxins, STa and STb, has now been reported (1, 2, 14) . STa appears to comprise a family of polypeptides with molecular weights varying from 1,500 to 2,000. STa is methanol soluble, active in suckling mice, activates the particulate fraction of guanylate cyclase in intestinal mucosal cells, and effects an immediate secretory response of intestinal fluid resulting primarily from the inhibition of sodium and chloride absorption by the brush border membrane (1, 8, 16, 22, 34, 36) . STb is a second E. coli ST that has recently been described as methanol insoluble and inactive in suckling mice but active in weaned-pig intestinal loops (2, 14) . In this study, we have further examined STb. We studied the activity and time course of STb in mice, rats, rabbits, and weaned pigs and its effect on intestinal histology and cyclic .GMP levels in intestinal mucosal cells. 23 ,000 x g, and the supernatant was filtered through a 0.20-,um (pore size) membrane filter; the resulting filtrate was designated culture filtrate. All culture filtrates were heat treated at 65°C for 30 min.
Enterotoxin assays. The LT assay used to examine our test strains is the standard Chinese hamster ovary cell assay (13) . The suckling mouse assay used ICR-DUB albino suckling mice (2 to 12 days old). Mice were separated from their mothers immediately before the assay was performed. Twoto 4-day-old mice were inoculated intragastrically with 0.1 ml of culture filtrates; mice older than 4 days were inoculated with 0.1 ml per 2.5 g of body weight by intestinal intubation. After inoculation, mice were either fasted or returned to their respective mothers for the 16- (30) . Mice were individually assayed by calculating the ratio of gut weight to remaining body weight (5, 10) .
The rat intestinal-loop assay (Sprague-Dawley rats, 150 to 300 g) and rabbit intestinal-loop assays (albino rabbits, 1.5 to 2.0 kg) have been described previously (12, 16) . In both instances, crude culture filtrate of strains Cl-4, P3, and 10405 were injected into loops and assayed after 6 h of incubation.
The rat loop experiment required 0.3 ml of filtrate for each 3-cm loop; the rabbit loop experiment required 1.0 ml of filtrate for each 4-cm ileal loop. Rat loop ratios, reflecting intestinal fluid secretion, were calculated as: (weight of fluidfilled loop -weight of empty loop)/loop length (in milligrams per centimeter). Rabbit loop ratios were calculated as: volume of fluid in loop/loop length (in milliliters per centimeter).
The weaned-pig intestinal-loop assay is a modification of the methods of Smith and Halls (32), Jacks et al. (17) , and Gyles (14) . Four-to 9-week-old weaned pigs are required. After sodium pentobarbital anesthesia, intestinal loops are ligated with umbilical tape beginning 1 m distal to the pylorus and terminating at least 3 m proximal to the cecum. Loops are 6 cm in length, and 5 ml of test material is inoculated into each loop. The response is measured as the ratio of fluid volume (in milliliters) to length (in centimeters) after a defined incubation period.
Cyclic nucleotide measurements. Culture filtrates were injected into the ligated intestinal segments as follows: 0.3 ml into 3-cm rat ileal loops, 1 ml into 5-cm rabbit ileal loops, and 5 ml into 6-cm weaned-pig jejunal loops. The inoculations were made at several time points in the same animal. Fullthickness (ca. 1 by 1 cm) biopsies of each loop were obtained at the end of the assay period, and mucosal scrapings were prepared and immediately homogenized in 2 ml of ice cold 6% trichloroacetic acid. Specimens were stored at -20°C until being centrifuged at 2,000 x g. The pellet was dissolved in 1 N NaOH and used for protein determination by the method of Lowry et al. (24) . The trichloroacetic acid in the supernatant was extracted with ether: 50 ,.l of 1 N HCI was added to 850 ,ul of the supernatant. Diethyl ether was mixed with the acidified trichloroacetic acid supernatant, and the ether phase was removed; extraction was repeated until the pH of the ether phase was the same as that of the original ether reagent. The non-ether phase was then mixed with 50 ,u1 of 0.66 N NaOH and 50 ml of sodium acetate buffer. Samples were acetylated and assayed with a cyclic GMP 125I radioimmunoassay kit (New England Nuclear Corp., Boston, Mass.) (15, 20, 35 Activity in weaned pigs. Crude culture filtrates of strain P3 grown in BHI broth showed significant activity in weaned pigs (older than 3 weeks). The intestinal fluid-length ratio (6 h of incubation) of crude STb preparation was 1.65 ± 0.09 (n = 50), whereas that of the control strain 10405 crude culture filtrate was 0.53 + 0.03 (n = 50; P < 0.001). Significaht but less activity was noted in crude culture filtrates of STa' strain Cl-4 (0.93 + 0.14, n = 9; P < 0.05). Crude culture filtrates of P3 grown in BHI broth could be diluted to 1:8 in a saline buffer, and slight but significant fluid secretion could be demonstrated when compared with nontoxigenic culture filtrates. In Fig. 1 , the time course of STb-mediated intestinal fluid secretion in weaned-pig jejunal loops is compared with that of cholera toxin and strain 10405 (nontoxigenic) culture filtrates. Significant STb-mediated intestinal fluid secretion occurred by 30 min (control, 0.89 + 0.03, n = 9; STb, 1.05 ± 0.05, n = 16; P < 0.01) and became maximal at 3 to 6 h. There was no further significant increase in fluid secretion at 16 h of incubation. Cholera toxin displayed its characteristic delayed onset of action of intestinal fluid secretion, with significant activity first noted at 6 h. The strain 10405 culture filtrate did not demonstrate an increase in intestinal fluid over 16 h. (28) a *, P < 0.05; * P < 0.002; n, number of test samples.
Histology. In Fig. 2 , light micrographs of jejunal brush border membranes exposed to crude culture filtrates of strains P3 (16-h weaned-pig fluid-to-length ratio, 2.77) 10405 (16-h weaned-pig fluid-to-length ratio, 0.67) are shown. No obvious differences could be noted in brush border, crypt cell, or villous cell morphology. No evidence of cellular damage or inflammation was recognized.
Cyclic nucleotide measurements. Table 2 shows the effects of culture filtrates of STa, STb, and nontoxigenic strains on cyclic GMP accumulation in intestinal mucosal tissue. In all three animals (rats, rabbits, and pigs), STa significantly stimulated cyclic GMP production after 0.5 h of incubation. Otherwise, no significant elevation of cyclic GMP levels over control levels (nontoxigenic strain) were noted after 0. (18, 19) . Further evidence that STb is a second type of E. coli ST has been shown by DNA hybridization studies (33) and lack of binding by STb to an STa antibody (9) . Most recently, two groups have reported the sequence analyses of the STb gene and showed no obvious homology with the STa gene (23, 29) .
One controversial issue concerning STb is its activity in rabbit ileal loops. Burgess et al., using a 10-fold concentrate of crude culture filtrate, has shown activity of STb in rabbit bit loops (2). Whipp has suggested that class 1 and 2 STs are equally effective in rabbits (38) . Gyles has suggested that STb activity in rabbits is borderline (14) . Our data, along with those of several other investigators, show that ST,b is inactive in rabbits (18, 28, 32 
